Abstract A novel all solid-state composite polymer electrolyte, PEO-LiClO 4 -LiZSM5, by using "shape-selective" molecular sieves ZSM-5 as filler was obtained by the solvent casting method. The experimental results showed that the addition of LiZSM5 could enhance the ionic conductivity of the pristine PEO-LiClO 4 electrolyte, the ionic conductivity of PEO 10 -LiClO 4 -10%LiZSM5 achieved 1. All solid-state lithium polymer batteries may be one of the best choices for electrochemical power source of the future characterized by its high energy densities, good cyclability, reliability and safety [1,2] . PEO-LiX based polymer electrolytes had received extensive attention [4,5] , for its potential capability to be used as candidate material for the traditional liquid electrolytes, since Wright et al. found that the complex of PEO and alkaline salts had the ability of ionic conductivity in 1973 [3] . The general concept of the transport of Li + in the polymer electrolyte was coupled with the local relaxation and segmental motion of the PEO chains, the conditions could only be obtained when PEO was in its amorphous state [4,5] , however, due to its particular structure, PEO often showed much higher crystalline ratios at sub-ambient temperature regions, and then its ionic conductivity was lower than 10 5 S cm 1[6] . This limitation was, of course, a drawback for applications in the consumer electronic market, such as cell phone and notebook PC. On the other hand, the ionic conductivity of PEO based polymer electrolytes could reach to the appreciable level (10   4   10 3 S cm 1 ), an advantage for numerous other applications such as for electric vehicles (EV) and hybrid electric vehicles (HEV), when the operation temperature was higher than the melting point of the PEO [7,8] . Development of PEO-based electrolytes capable of combining high ionic conductivity with superior interfacial stability towards the lithium metal anode, and good mechanical properties is the key problem for the R&D of all solid-state lithium polymer batteries [8] . When the third component, such as some kinds of inorganic fillers, was introduced into the PEO-based electrolytes to form the composite polymer electrolytes (CPEs), all of the above performances could be improved [4,9,10] . In this communication, we reported a novel PEO-based CPE, by using ZSM-5, one type of microporous molecular sieves which has high BET surface areas, and two-dimensional intersectant channels, as the filler. ( ) Preparation of CPE. The preparation of CPE films involved first the dispersion of the LiClO 4 and inorganic filler in anhydrous acetonitrile through 15 min of sonication and 2 h of strong stirring, followed by the addition of the PEO component and by a thorough mixing of the resulting slurry for another 24 h. The slurry was cast on to a Teflon plate and then the plate was placed into self-designed equipment, under the sweep of dry air with a flow rate of 10 L min 1 , in order to let the solvent slowly evaporate. Finally, the result films were dried in vacuo at 50 for 24 h to get rid of the residue solvent. The CPE used in this study was denoted as PEO x -LiClO 4 -y wt.% filler, in which x means the (EO)/Li ratio and y means the weight percents of filler to the PEO.
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( ) Characterization of CPE. Ionic conductivity of the CPE films was determined by the AC impedance spectroscopy. The impedance tests were carried out in the 1 MHz 1 Hz frequency range using a Solartron 1260 Impedance/Gain-Phase Analyzer coupled with a Solartron 1287 Electrochemical Interface.
Lithium ion transference number, T Li+ , was evaluated using the method originally proposed by Vincent and Bruce [11, 12] . The CPE film was sandwiched between two lithium-unblocking electrodes to form a symmetrical Li/CPE/Li cell. The coin cell (CR2025) was assembled and sealed in an argon-filled UNILAB glove box (O 2 < 1 10 7 mol L 1 ; H 2 O<1 10 7 mol L 1 ). Measurements were performed using a Solartron 1260 Impedance/Gain-Phase Analyzer coupled with a Solartron 1287 Electrochemical Interface. The method consists of initial measurement of the lithium interfacial resistance (R 0 ) by the impedance spectroscopy in the 1 Hz 0.1 MHz frequency range, application of a small voltage (10 mV) until a steady current was obtained (I ss ), and final measurement of the interfacial resistance (R f ) by impedance spectroscopy in the 0.1 Hz 1 MHz frequency range. T Li+ was calculated using the following equation:
SiO 2 and Al 2 O 3 , two kinds of nano-fillers, which had been reported in a great deal of literature [6, 7] , were selected to be compared with molecular sieves LiZSM5 to explain its promoting effects in the CPE. The results of ionic conductivity are listed in Table 1 .
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where V means the applied polarization voltage and I 0 means the initial current and was calculated from the voltage and the overall cell resistance by
Croce et al. suggested that the inorganic fillers help to increase the conductivity of CPE in two ways [14] : (1) increasing the ratios of the amorphous phase of PEO matrix, which was benefit for the transport of Li + , by lowering of the PEO reorganization tendency; and (2) providing Li + conducting pathways at the fillers' surface through the microcosmic actions, such as Lewis acid-base reactions, among different species in the CPE. The former reason was more important when the temperature was lower than the melting temperature, T m , about 65 of PEO. On the contrary, PEO was in its amorphous phase when the temperature was higher than its T m , and then the conductivity enhancement at these temperature regions should only be corresponding to the latter reason. It can be seen from Table 1 that the conductivity of PEO 10 -LiClO 4 was improved in the entire temperature ranges after the addition of inorganic fillers, suggested that all three types of fillers could not only restrain the recrystallize of the PEO at relatively low temperature regions but also enhance the conductivity at relatively high temperature through the interactions with other species in the CPE. The Lewis acid sites on the surface of Al 2 O 3 were much stronger than that on the surface of SiO 2 , and then the Lewis acid-base interactions between Al 2 O 3 and ether O groups in the PEO and/or ClO 4 anions, leading to ionic dissociation and generating more Li + cations, were more effectively than that in the case of SiO 2 . The above Lewis acid-base interactions should make the promotion effect of Al 2 O 3 better than SiO 2 . ZSM5, as one kind of useful acid catalyst, had two-dimensional open channels which were intersected by each other, and furthermore, there existed much stronger Lewis acid centers not only out of the framework but also inside the channels of the ZSM5. Due to its particular microcosmic structure, we thought that the promotion effect of ZSM5 on the conductivity of CPE should be even stronger. The experimental results listed in Table 1 showed that the conductivity enhancement decreases in the order: LiZSM5>Al 2 O 3 >SiO 2 , which proved our hypothesis very well.
where R b was the bulk resistance of the CPE.
Electrochemical stability window of the CPE was determined by running a linear sweep voltammetry in three-electrode cells using stainless steel as the blocking working electrode, lithium as both the counter and the reference electrode and the CPE film as the electrolyte. A Solartron 1287 Electrochemical Interface was used to run the voltammetry at a scan rate of 1 mV S 1 . Differential scanning calorimeter (DSC) measurements were carried out using a Perkin-Elmer Pyris-1 analyzer. The measurements were carried out at a heating rate of 10 min 1 from 60 to 100 .
Results and discussion
In the early research, the purpose of adding inorganic component into PEO-LiClO 4 polymer electrolyte was to improve its mechanical stability [13] . However, large subsequent investigations had found that inorganic fillers could also enhance the ionic conductivity of the CPE at the same time of improving its mechanical property [4, 9] . Filler-free 1.5 10 
